The case histories of the 44 ventilated spinal cord damaged patients who have been treated at the Mersey Regional Spinal Injuries Centre prior to 1985 were reviewed.
Introduction
Respiratory pathophysiology is an important and well recognised consequence of tetraplegia (B ake et al., 1972 (B ake et al., : Bergofsky, 1964 Cameron et al., 195 5: Carter, 1980 : Cheshire, 1964 : De Troyer et al., 1980 Dimarco et al., 1982; Forner, 1980; Fugl-Meyer et al., 1971 : Guttmann et al., 1965 : Haas et al., 1965 ; Huldt-*The majority of the contents of this paper were presented at the First Euro-Mediterranean Meeting of Paraplegia in Hyeres, France, 1984 . Requests for Reprints to B. P. Gardner, Consultant, National Spinal Injuries Centre, Stoke Mandeville Hospital, Aylesbury, Bucks, England.
gren et at., 1980 : Keltz et at., 1969 : Mckinley et at., 1969 : Moulton et at., 1970 : Ohry et at., 1975 : Silver et at., 1969 , 1971 , 1981 : Stone et at., 1963 . Artificial ventilation is sometimes life-saving. Morbidity may be increased by undue delay in its initiation and also by inappropriate techniques or ineffective weaning.
The indications for and methods of ventilation and of weaning that have been used in the Mersey Regional Spinal Injuries Centre are described and the compli cations that have been encountered are outlined.
Patients and methods
The case histories of all acute patients treated at this centre before 1985 who have been artificially ventilated were reviewed. Data relates to the situation of the patients at the time that the study was carried out in early 1985 . Information was stored and analysed using a DBASE 11 database file in a Sirius computer.
Data retrieval was incomplete for a small number of variables in a small pro portion of the patients because of incomplete records in these cases. These are indicated in the tables and text.
Results

Forty-four acute spinal cord damaged patients treated at the Mersey Regional
Spinal Injuries Centre before 1985 have been ventilated. Fourteen died during the first admission, nine whilst receiving mechanical ventilation and five after weaning. Six others have died since discharge home, of whom one was being ventilated at night. The location of the twenty-four still alive is shown in Table   1 . In addition to those ventilated, a further 17 patients had a tracheostomy alone. This management is now unusual in this centre but it was recently indicated for one patient who failed to cooperate with physiotherapy supplemented with assisted breathing (B ennetting) for clearance of secretions. This group of trache ostomised but not ventilated patients was not evaluated in this study.
The year of injury of those ventilated is indicated in Figure 1 . Ventilation was initiated in this centre in 50 0 0 of cases. The age of the patients at injury is indicated in Figure 2 . Five of the patients who died in hospital whilst being ventilated were over 55. The remainder in this age group spent no longer on controlled ventilation and had no more compli cations than younger patients with comparable neurology.
The initial neurological level is indicated in Figure 3 . No patient showed any clear functional neurological improvement. All patients who had a thoracic or lumbar lesion had a significant chest injury or complication prior to ventilation.
The indications for ventilation that were used are shown in Table 2 -1969 1974 1975 1976 1977 1978 1979 1980 1981 198219831984 Year of Injury to be less senSltIve an indicator than volume measurement, but when values were more negative than ( -)20 cm of water despite a low vital capacity then a treatable and occasionally unsuspected feature such as pulmonary oedema was invariably present. Blood gas analysis included P02, PC02 and pH estimates. Figure 4 indicates the day following injury that ventilation was commenced.
Six of the patients ventilated after the first day had this initiated before transfer to this centre. Of the patients of this series, 7 out of 19 C4 lesions and 12 out of 20 with lesions below C4 were ventilated after the first day. The C3 patient ventilated on the third day had ankylosing spondylitis. Table 3 indicates the techniques used during full time ventilation. Intermittent positive pressure ventilation (IPPV) was always applied via a tracheal tube and provided a preset minute volume ventilation (MVV) . This tube was always a tracheostomy rather than an endotracheal tube except in some instances in the early stages of ventilation. The start of weaning is defined as the time when the patient first breathed spontaneously, including intermittent mandatory ventilation (lMV) and electro phenic respiration. IMV is defined here as the technique which allows the patient to take breaths through the ventilation system at atmospheric pressure in between positive pressure ventilator breaths, the respiratory rate and MVV having preset minimum values. Weaning was commenced when oxygenation on the ventilator was good, pulmonary complications minimal and clinical observations satis factory. If the vital capacity was less than 300 mls weaning was not commenced.
In these cases the patient could usually trigger respiration for some of the time and this provided a preparation for weaning.
The week on the ventilator when weaning was commenced is shown in Figure   5 . This time could not be determined from the notes in 6 cases. Six patients were on the ventilator for over 8 weeks before weaning was commenced.
Half of the patients for whom there is adequate documentation and whose weaning commenced within three weeks were fully weaned within 9 days whilst no patient on full time ventilation for over three weeks was weaned within this time. The duration of weaning in the person on diaphragmatic pacing was 7 months.
The methods of weaning used are outlined in Table 4 . Though 19 patients of this series were weaned by using the method of allowing them to breathe until tired, this technique is now no longer used in this centre. Graded time off the ventilator is currently the major method used, supplemented by triggered ventilation, IMV and rarely CPAP. The patient who used the cuirasse for a period has good cutaneous sensation.
Complications of ventilation are indicated in .
The causes of death, where these are known, are indicated in Table 6 . The and a patient whose innominate artery was eroded by his tracheostomy tube.
Two ventilator deaths were due to inadequacies in transfer procedure. Deaths whilst being ventilated were commoner in patients whose ventilation was initiated prior to transfer. Table 7 indicates the relationships between clinical features, indications for ventilation and outcome for the patients of this series. Early death is defined as death occurring within 6 weeks of injury.
The total time spent in hospital was 18 545 days, of which 335 2 were on the ventilator and 2058 during readmissions. Those whose ventilation was initiated before transfer and who survived ventilation spent almost twice as long on the ventilator as those whose ventilation was commenced here. The explanation for this is uncertain. Total time at home was 35 289 days.
Discussion
The question of whether high tetraplegic patients should be ventilated or allowed to die has not been addressed in this paper. In a recent series from this centre (Gardner et al., 1985 ) 18 out of 21 spinal cord damaged patients who had required artificial ventilation stated that if the need arose for a further period of continuous ventilation they would prefer this option to the alternative of being allowed to die. Sixteen of the 21 nearest caring relatives of these patients indicated that they were glad that their relative had been kept alive by ventilation rather than Diaphragmatic EMG frequency analysis has not been used yet in the acute stage in this centre, but evidence suggests that it may provide the earliest indication of impending diaphragmatic fatigue (Gross et at., 1979, 1983) . , , 1978 , , 1980 , : Oda et ai., 1981 .
This series demonstrates that the majority of patients can eventually be successfully weaned, though at considerable cost in some cases (D owns et ai., This study indicates that spinal cord damaged patients requiring artificial ventilation should be managed in specialised comprehensive centres from an early stage following injury. Carefully designed prospective multicentre studies are essential if optimal patterns of management are to be identified. Statistical conclusions cannot be drawn in a retrospective series such as this in which the numbers are few and uncontrolled and the pattern of respiratory care is pro gressively evolving.
